Genetic engineering of fatty acid chain length in Phaeodactylum tricornutum.
Renewable diesel surrogates made from shorter chain length fatty acids have improved cold flow properties. Acyl-ACP thioesterases specific for shorter chain length fatty acids are therefore of considerable interest in the genetic engineering of biofuel producing organisms, both for their ability to increase the production of shorter fatty acids, and for their involvement in fatty acid secretion in bacterial systems. Here we show that the heterologous expression of two thioesterases, biased towards the production of lauric (C12:0) and myristic acid (C14:0), causes increased accumulation of shorter chain length fatty acids in the eukaryotic microalga Phaeodactylum tricornutum. Accumulation of shorter chain length fatty acids corresponds to transgene transcript levels. We achieved levels of C12:0 of up to 6.2% of total fatty acids and C14:0 of up to 15% by weight. Unlike observations in cyanobacteria, no significant secretion of fatty acids was observed. Instead, we found that 75-90% of the shorter chain length fatty acids produced was incorporated into triacylglycerols. Our results demonstrate that overexpression of thioesterases is a valid way to improve the biofuel production phenotype of eukaryotic microalgae.